Introduction: This study reviewed patients' demographic, clinical and treatment characteristics to identify prognostic factors associated with survival of prostate cancer after developing bone metastases. We explored the racial disparities in these factors and how they relate with survival. Methods: We conducted a retrospective study on 79 men diagnosed with bone metastasis secondary to prostate cancer who underwent surgery at a single institution from November 1977 to June 2011. Descriptive statistics were used to summarize patients' characteristics. The Kaplan-Meier method was used to estimate characteristics of the survival distribution using two origination points-diagnosis and surgery. Cox hazard regression explored the relationship between prognostic factors and overall survival. Results: The majority of men were White (n = 63; 80%) followed by Black (n = 7; 9%), Hispanic (n = 7; 9%), and Asian (n = 2; 2%). Multivariate factors associated with poorer survival after bone metastasis surgery included race (Black), Gleason score > 8, and radiation treatment. Patients not receiving radiation had a longer survival experience relative to patients who received radiation before or after surgery (10.3 vs 6.5 months; P = 0.030). There was an association of PSA level at the time of bone metastasis diagnosis with survival following diagnosis but prior to surgery. The median time interval (T m in months) between prostate cancer diagnosis and bone metastasis diagnosis was 39.1 (White), 31.2 (Hispanic), 15 (Blacks) and 43 (Asians). Patients with T m < 35 months had a hazard of death 3 times greater than patients with T m > 35 months (HR = 3.22; P < 0.001). Conclusion: The median survival and time interval from prostate cancer diagnosis to bone metastasis diagnosis was shorter in Blacks with respect to other races. The more aggressive nature of the disease in Blacks is likely due to the biology of the disease rather than access to treatment.
Introduction
Patients with prostate cancer metastatic to bone have a poor prognosis; numerous studies demonstrate that survival depends on the extent of metastasis to the skeleton at presentation [1] [2] [3] [4] [5] . Recent studies have noted that African American men have a higher prostate cancer incidence and mortality rate than do white men [6] [7] [8] [9] [10] . Researchers have hypothesized that these differences are the product of both socioeconomic status [11] [12] [13] , which often leads to a later diagnosis of advanced-stage prostate cancer in African American men than in white men, and of poorly understood genetic differences [11, 12] .
More recent evidence has clarified the role of socioeconomic status in these poor outcomes among AfricanAmerican men with prostate cancer metastatic to bone. Tangen et al. reported that current trends in the survival rates of African American men with prostate cancer no longer differ from the survival rates of other men with a comparable diagnosis [14] . These investigators hypothesized that the basis of this improvement is greater awareness of prostate cancer and improved health-seeking behavior among African American men. Prostate Specific Antigen screening which began around 1990 accounted for a large proportion of these changes. This was encouraged in all men irrespective of their socioeconomic status. However, African American men 40 -69 years of age continue to have 2 to 3 times the incidence of newly diagnosed metastatic prostate cancer than white men of the same age have, even after adjusting for socioeconomic status [5] . The reasons for the greater incidence of advanced disease among African American men remain unknown. Evidence supporting a biological basis for racial disparities in prostate cancer disease progression has been recently reported. Castro et al. reported that genomic profiling of comparable cohorts of African American and white men with prostate cancer showed that clinically localized cancers from African American men more closely resembled metastatic lesions from white men [6] . Wallace et al. reported prominent differences in tumor immunobiology between African American and white men with prostate cancer, with a 2-gene signature that differentiated African American and white patients [10] . These investigators found that metastasis-promoting genes were also more highly expressed in African American patients. In addition, Brand et al. reported a polymorphism in the transforming growth factor beta 1 gene that has a more protective effect against high-grade prostate cancer in non-Hispanic white men than in other racial groups [15] . In this study, we looked for further evidence of disease outcomes that depend on race, and possibly biological differences, in patients undergoing surgery for bone metastases.
The formation of skeletal metastasis negatively affects overall survival in patients with prostate cancer, and surgical intervention is considered to be palliative in the majority of these cases [16] . Surgery is meant to alleviate skeletal complications, such as bone pain, impaired mobility, pathological fracture, spinal cord compression and symptomatic hypercalcemia [17, 18] . However, whether there is racial difference in survival time after development of bone metastasis is unknown. To investigate potential association between survival and race, we retrospectively reviewed the data for survival rates of men with prostate cancer after they had developed bone metastases requiring surgical intervention. All of the data were collected in one single institution. We first identified prognostic factors associated with survival and further examined whether race had a significant role.
Methodology
This retrospective medical chart review used data from men with prostate cancer seen at The University of Texas MD Anderson Cancer Center in Houston from November 1977 to June 2011. The research protocol was approved by the institutional review board, and a research assistant worked on chart selection and data extraction. Data were double-checked by a research coordinator to ensure accurate data collection and documentation. We searched the MD Anderson Orthopedic Oncology data base specifically for patients referred to the department as a result of bone metastasis secondary to prostate cancer requiring surgery. Inclusion criteria are men who were diagnosed with bone metastasis secondary to prostate cancer (confirmed by tissue biopsy), who fall within the 34 years range of study and who required surgical intervention for pathologic fracture, impending pathologic fracture, or intractable pain. There was no exclusion criterion. A total number of 79 men were identified for review. Their medical charts were reviewed from first visit to last follow-up or death. Data on the demographics, dates of diagnosis of prostate cancer and bone metastasis, PSA level, Gleason score, dates of discharge or death and treatment modes were extracted from their clinical records. The dates of death of subjects lost to follow-up were extracted from the genealogy bank. Data on ethnicity was self-reported and classified into African American, White, Hispanic, or Asian. Surgery was categorized according to the mode of tumor excision, and androgen-deprivation therapy was classified by leuprolide acetate (Lupron) use.
Bone Metastasis Secondary to Prostate Cancer
Most charts (n = 76) included the date bone metastasis was diagnosed. Metastasis was confirmed by x-ray prior to surgery and by tissue biopsy afterward. The majority of these 76 individuals presented with bone metastasis after being diagnosed with prostate cancer (67; 88%). The remaining 12% (9) of them were diagnosed with prostate cancer and bone metastases on the same day. For the current analysis, we measured the median time intervals in months between prostate cancer and bone metastasis diagnosis and compared them among the 4 racial groups.
Gleason score and the prostatic-specific antigen (PSA) level at the time of diagnosis of prostate cancer are used to assess tumor burden [19] [20] [21] [22] [23] [24] .
Data Analysis
Data were analyzed using STATA (version 12). Descriptive statistics were used to summarize patient, clinical, and treatment-related characteristics. The Kaplan and Meier method was used to estimate characteristics of the survival distribution using 2 origination pointsdiagno-sis and surgery [25] . The median overall survival at 1, 3, 5 and 10 years from both diagnosis and surgery were computed for the entire study population and by clinical factors of interest (i.e, age, race, Gleason grade, and type of surgery). In the analysis of overall survival, death from any cause was the event of interest, and patients' data were censored at their date of last follow-up. Cox proportional hazards regression was then used to explore the relationship between potential prognostic factors and overall survival at 1, 3, 5 and 10 years.
Results
Seventy nine (79) individuals were identified who underwent surgery for prostate cancer bone metastases between 1977 and 2011. Baseline demographics for the study group are summarized in Table 1 . The mean age at diagnosis of prostate cancer was 62 years (range: 41 -83). The majority of men were white (n = 63; 80%), followed by African Americans (n = 7; 9%), Hispanics (n = 7; 9%), and Asians (n = 2, 3%). Of the 54 men with a Gleason score recorded at diagnosis, 37% were in the highest category (9 -10), 48% were mid-range (7 -8) , and 15% were low (≤6). Metastatic deposits in bone were excised from 57 (72%) men. Of these patients, 67% (38) had a wide resection, and 33% (19) had curettage. Of the 79 patients, 44 received no radiation (56%), 20 (25%) received post-surgery radiation only, and the remaining 5 (6%) received pre-surgery radiation only. Only 1 patient (1%) received radiation both before and after the surgery. The charts for 9 patients (11%) did not report whether any radiation treatment was received.
The median survival duration following prostate cancer diagnosis in African Americans were 86%, 28%, and 14% at 1, 3, and 5 years, respectively (P < 0.001, see Table 2 ). Survival rates after prostate cancer diagnosis were also significantly worse when the Gleason score was 9 -10 (P < 0.001) and when age was younger than 65 years (P = 0.027). Variables that were not statistically significant were PSA level at initial diagnosis, tumor excision, type of surgery, radiation treatment, androgen-deprivation treatment, and whether bone metastases were synchronous or metachronous ( Table 2) . Kaplan-Meier plots of overall survival from diagnosis by race from time of survival following surgery revealed that survival was worst in African American men (Figure 1 ). Survival after surgery by Gleason score was worst among men with a score between 9 -10 ( Figure 2) ; although it did not reach statistical significance (P = 0.146). However, the survival disadvantage was significant (P =< 0.001) from time of prostate cancer bone metastasis diagnosis ( Table 2) .
Following surgery for bone metastasis, median overall survival duration was 9.1 months (95% confidence interval [CI]: 5.5, 10.3 months), with estimated survival rates at 1, 3, and 5 years of 34%, 10%, and 9%, respectively. Median survival was shortest for African American men (2.6 months, P = 0.022; Table 3 ). Men who received radiation treatment either before or after surgery had less favorable in survival compared to men who did not (10.3 vs 6.5 months, P = 0.029; Figure 3 ). There was Abbreviations: L-R, log-rank test; PSA, prostatic-specific antigen. Insufficient data to obtain reliable estimates; a Radiation was given before, after, or both before and after surgery; we excluded data from 9 patients with unknown radiation treatment status. no statistically significant difference in survival for men with respect to age, Gleason score, tumor excision, surgical category, androgen-deprivation therapy, or having bone metastasis identified on the day of diagnosis. Table 4 shows the hazard ratios (HR) of factors associated with survival following diagnosis and surgery. Following prostate cancer diagnosis, risk of death was highest in African American patients (HR, 5.13; P < 0.001) and second highest in patients with Gleason scores of 9 or 10 (HR, 5.02; P = 0.002). An increase in PSA level of 20 ng/mL was associated with a statistically significant but very small increase in risk (HR, 1.02; P = 0.002), and 5-year increments in age at diagnosis were associated with a statistically significantly lower risk (HR, 0.85; P = 0.014). Following surgery for bone metastasis, risk of death was significantly higher for African American patients (HR, 2.93; P = 0.011) than for other races and for patients treated with radiation (HR, 1.80; P = 0.031). The HR for those with high Gleason scores trended toward higher risk of death following surgery but did not reach statistical significance (HR, 2.58; P = 0.065).
The overall time to disease progression as determined by median time interval (months) between prostate cancer diagnosis and bone metastasis diagnosis (as shown in Abbreviations: L-R, Log-rank test; PSA, prostatic-specific antigen. Insufficient data to obtain reliable estimates; a Radiation was given before, after, or both before and after surgery; we excluded data from 9 patients with unknown radiation treatment status. Abbreviations: HR, hazard ratio; CI, confidence interval; PSA, prostatic-specific antigen; Ref., reference set as a unit of 1. a Radiation was given before, after, or both before and after surgery; we excluded data from 9 patients with unknown radiation treatment status. Table 5 ) was 35 months. African American men had the shortest average time at 15 months, followed by Hispanics (31.2 months), Whites (39.1 months), and Asians (43 months). Patients with shorter time spans (<35 months) from prostate cancer to bone metastasis had a hazard of death 3 times greater than that of patients with longer time spans (>35 months) (HR = 3.22; P < 0.001). Table  6 shows the time from diagnosis of bone metastasis to surgery. The shortest median time was again for African Americans at less than a month (0.8), followed by Hispanics (2.4 months), whites (8.4 months), and Asians (58.7 months).
Discussion
Our results showed that race and radiation treatment were significantly associated with death from prostate cancer after surgery for bone metastases. African Americans with prostate cancer survived for a significantly shorter time than did patients from other racial groups. Not surprisingly, disease progression was faster in African American men compared with others. Moreover, the shorter the time between diagnosis of skeletal metastasis and surgery for bone metastasis, the shorter the duration of cancer-pecific survival. Our findings support a biological basis for the difference in outcome for African American men versus other races. Because the patient cohort of our study was from a single institution with similar criteria for treatment eligibility, the socioeconomic differences were minimal among ethnic groups. The shorter time period for disease progression in African American patients indicates a more aggressive disease in that group. Several studies have observed biological differences in prostate cancer between African American men and other ethnic groups; Castro et al. showed through genetic profiling that clinically localized cancers from African American men more closely resemble metastatic cancers from white men. Presently, there is no clear explanation for the more aggressive form of prostate cancer bone metastasis in African Americans. It was reported that African American men have higher bone density and/or higher androgen levels over their lifetime compared to those in other races [26] . More research is needed to clarify whether differences in the androgen levels or bone environment contribute to the accelerated progression of prostate cancer in bone.
Radiation treatment for bone metastasis, either before or after surgery, also was significantly associated with death from prostate cancer after surgery. Patients receiving radiation treatment tend to have more aggressive and advanced disease because radiation is typically given as a palliative treatment in hormone refractory cases. The Gleason score data before and after bone surgery differed for metastatic prostate cancer. The Gleason score, the most widespread method of prostate cancer tissue grading used today is the single most important prognostic factor in prostate cancer. The biopsy Gleason score is a sum of the primary grade (representing the majority of the tumor) and a secondary grade (assigned to the minority of the tumor), ranging from 2 to 10. A higher Gleason score correlates with more aggressive disease, and a more unfavorable patient prognosis. Following prostate cancer diagnosis, a Gleason score of 9 or 10 was significantly associated with shorter survival (Figure 3) ; however, following bone metastasis surgery, this association did not reach statistical significance (P = 0.065). The Gleason score is based on the architectural pattern and degree of glandular differentiation of prostate cancer [21] . Cheville et al. found that the Gleason score of bone metastasis is associated with survival following surgery for metastasis, which supports the prognostic value of the Gleason score for men with prostate cancer undergoing surgery for bone metastases [7] . Our findings seem to be in agreement with this observation; we noted a trend for decrease in survival following surgery in men with high Gleason score prostate cancer, although this trend did not quite achieve statistical significance (HR, 2.58; P = 0.065). A larger cohort may help to clarify the post-surgical risks.
We found that diagnosis of prostate cancer at an earlier age was independently associated with worse overall survival but had no effect on survival following surgery for bone metastases. There was no correlation between race and age of diagnosis that could be detected, due to the small sample size. This is consistent with other reports: Younger age at the time of diagnosis is thought to correlate with a more aggressive disease phenotype [27] . Higher PSA levels at time of diagnosis were associated with an increased risk of death, but not after surgery for prostate cancer bone metastases. Other studies have found evidence for and against an association of survival with PSA levels. In one of the few studies that focused on bone metastasis, Cheville et al. found no correlation between PSA levels at the time of bone metastasis diagnosis and survival after surgery, in agreement with our study [7] . PSA levels in their patient cohort (mean of 213, n = 36) were also similar to ours (mean of 187, n = 79). A higher PSA level, as identified by our patient stratification, may indicate a more aggressive disease and thus a worse pre-surgical prognosis.
Limitations
This study has several limitations. The cohort size was small despite surveying 3.5 decades of patient records, which limitsared the power to detect significant differences and identify the factors that affect patient outcomes. The patient numbers were especially small for otherthan-White races/ethnicities, which especially limited generalizations about ethnic groups other than Whites. Moreover, the retrospective study design resulted in nonuniform patient treatment choices and incomplete information about patients' clinical characteristics. The numbers of patients in each racial group were dictated by chance rather than an even distribution, limiting the analysis among racial groups. Despite these limitations, our study has reinforced the need to look beyond demographics and access to care. We believe that the results of this study should be further investigated in a larger prospective group to clarify and further analyze the effect of immunobiologic tumor characteristics.
In summary, the results of the current study found that cancer-specific survival following surgery for prostate cancer bone metastasis is the poorest in African American men and in those treated with external radiation. Gleason score, age, and PSA levels can provide useful prognostic information following prostate cancer diagnosis prior to bone metastasis surgery.
Conclusion
Younger age at diagnosis (less than 65 years), African American ethniciity, higher PSA levels, higher Gleason scores, and radiation treatment all were associated with significantly worse survival outcomes following diagnosis of prostate cancer. Cancer-specific survival duration following surgery for prostate cancer bone metastasis is shortest in African American men. In this study, aggressive disease rather than lack of access to treatment appears more responsible for poor outcomes in African American men. Our study suggests that there are biological differences that underlie the difference in progression of prostate cancer in bone between African American men and other ethnic groups.
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